Arsenic (As) is a carcinogenic and hazardous substance that poses a serious risk to 18 human health. Physiological studies have shown that growth of lentil crop have been 19 impaired due to arsenic toxicity, and is transportable into human food chains. Our research 20 focused on the transportation of As in lentil crops and its mitigation using Arbuscular 21 Mycorrhizal Fungus (AMF). Shoot length, fresh and dry weight of shoot and root were found 22 comparatively higher in 5 and 15 mgkg -1 arsenic treated lentil seedlings than in a 100 mgkg -1 23 As concentrated soil. As accumulation in lentil's pods of BARI Mashur 1 were found higher 24 than others; but As uptake in root and shoot were increased significantly in all BARI released 25 lentil genotypes. Biomass growth of lentil was found higher in AMF treated soils in compare 26 to non-AMF. AMF effectively reduced the arsenic uptake in root and shoot at 8 and 45 mgkg -27 1 As concentrated soils compared. As free lentil seeds are significantly important for human 28 consumption through mitigation of As accumulation in lentil roots shoots and pods. AMF 29 shows great potential in providing As free lentil seeds throughout the world. 30
each arsenic treated pot. Fresh weights were taken of each sample using electrical balance 159 (g). Average dry weight of roots and shoots were measured separately after harvesting of 160 lentil seedlings from each As treated pot during week nine. All samples were dried in an 161 oven at 55 0 C for 72 hours towards the digestion of samples for the determination of total As 162 accumulation in root and shoot of lentil crops from soil samples. 163 2.2. Arsenic uptake in lentil pods during field condition 164 Simultaneously, seven lentil genotypes were sown on 12 November 2015 in field 165 soils. For this field experiment, 10 x 5-meter sizes of seven plots were prepared at BSMRAU 166 research fields. BARI released seven genotypes sown in seven plots separately. All plots 167 were 5 mgkg -1 As concentrate soils. Recommended doses of fertilizers were applied to 168 previous pot experiments. Lentil seedling harvested on 16 February 2016. Total duration was 169 required 95 days from sowing to harvesting time of lentil crops. During harvesting, three 170 samples of lentil pods were randomly collected separately from each plot and tagged with 171 proper marking of each sample. Then samples were dried at room temperature. Next, all 172 samples were dried in an oven at 55 0 C for 72 hours towards the digestion of samples for the 173 determination of total As accumulation in lentil's pods from soil samples. 
Selection of lentil genotypes
Based on the pervious field experiments, BARI Mashur 1 and BARI Mashur 5 were 177 selected for the mitigation of As uptake through mycorrhizal inoculation. These pot 178 experiments were conducted in a green house with a controlled environment at BSMRAU.
179
Collection of Arbuscular Mycorrhizal Fungus (AMF) 180 AMF samples were collected from International Culture Collection of (Vesicular) 181 Arbuscular Mycorrhizal Fungi (INVAM), West Virginia University (WV), USA. AMF 182 samples were mixed with soils and roots of the host plant of Sorghum that was housed in the 183 Department of Environmental Science at BSMRAU. Mixture of soil and roots were collected 184 from this cultured area as a source of AMF. Finally, this mixture of AMF was used for the 185 reduction of As uptake in lentil roots, and shoots.
186
Observation of mycorrhizal spores and root colonization 187 Mycorrhizal spores in soil were extracted by following the Wet Sieving and 188 Decanting Method (Gerdemann and Nicolson, 1963) . Soil samples were collected from 189 rhizosphere of Sorghum and mixed thoroughly. Unwanted particles such as stones, roots, and 190 twigs were removed from these samples as needed. From this mixture, 100 g of soil samples 191 were kept in a bucket with three quarters of tap water (~8 Liter). This mixture was stirred 192 vigorously by hand and washed into a bucket and left to settle for one minute. This 193 suspension was sieved by 400 µm and 200µm mesh throughout the experiment. Next, 194 collected samples were poured through a 100µm sieve into a second bucket (10 litters) to 195 avoid the loss of useful materials. After suspension settled for one minute, the supernatant 196 was decanted using a 400-µm sieve and the water was discarded. The solution with spores 197 was distributed into 4 equal size test tubes using water for equal weight. The tubes were 198 plugged properly and then centrifuged for 4 minutes at 3,000 rpm. The supernatant was then 199 poured in the test tubes, filled with sucrose solution, and stirred vigorously with the round-200 ended spatula re-suspended precipitate. The plugged test tubes were then centrifuged for 15 201 seconds at 3,000 rpm. After centrifugation, the sucrose supernatant was poured through a 202 400µm sieve and rapidly washed with water to remove the sucrose from AMF spores by back 203 washing the materials from the sieve into a wash glass for observation. The spores in the 204 wash glass were observed under Stereomicroscope and transferred to microscope slides. Then 205 the slide placed under an electron -microscope for the observation of their size. Similarly, the 206 sorghum root was rinsed thoroughly in water and cut into small pieces, then placed in 2.5% 207 KOH solution. Roots were then heated in a water bath at 90ºc for 10-30 minutes and kept in 208 1% HCl solution overnight. Then samples were stained in acidic glycerol with 0.05% aniline 209 blue for 10-30 minutes at 90ºc. The de-stained samples were left at room temperature in 210 acidic glycerol. Similarly, the roots were kept on the slides and observed under an electron 211 microscope for the observation of spores' size, and its attachment with mycelia and hyphae 212 (Giovanetti and Mosse, 1980) ( Figure 1 Mashur 5 was sown on 13 th April 2016 in a controlled temperature greenhouse at BSMRAU.
218
Temperatures ranged from 18 0 C to 20 0 C in the greenhouse for lentil growing in pot 219 experiments.
220

Treatments and replications 221
Two genotypes-BARI Mashur 1 and BARI Mashur 5 were selected and treatments 222 were T 1 = 8 mgkg -1 arsenic concentration in soils, and T 2 = 45 mgkg -1 arsenic concentrated sodium arsenite (AsNaO 2 ). A 150 g of soil with root mixture as Arbuscular Mycorrhizal 225 Fungus (AMF) used for the mitigation of arsenic. Five replications were followed in both 226 AMF and non-AMF treated soils. This experiment was produced total 40 pots for AMF and 227 non-AMF applied soils. clean, dry digestion tubes and 5 ml of concentrate HNO 3 and 3 ml concentrate HCLO 4 added 240 to it. The mixture was allowed to stand overnight under fume hood. In the following day, this 241 vessel put into digestion block for 4 hours at 120 0 C temperature. Similarly, 0.2 g ground 242 root, shoot and pod samples put into clean digestion vessel and 5 ml concentrate HNO 3 added 243 to it. The mixture was allowed to stand overnight under fume hood. In the following day, this 244 vessel put into digestion block for 1 hours at 120 0 C temperature. This content cooled and 3 245 ml HCLO 4 added to it. Again, samples put into the heating block for 3-4 hours at 140 0 C.
246
Generally heating stopped whenever a white dense fume of HCLO 4 emitted into air. Then 247 samples cooled, diluted to 25ml with de-ionized water and filtered through Whiteman No 42 248 filter paper for soil and plant samples. Finally, samples were stored with polyethylene bottles.
249
Prior to samples digestion, all glassware was washed with 2% HNO3 followed by rinsing 250 with de-ionized water and drying. The design of this experiment was followed Completely Randomized Block (CRD). The ranges of dry weight of lentil seeds were 9.43 to 9.53 g of 10g BARI released 272 lentil genotypes. Among all lentil cultivars, BARI Mashur 1, BARI Mashur 5, BARI Mashur 273 6, and BARI Mashur 7 seeds were found As free. The highest As concentration (0.05mgkg -1 ) 274 was found in the seeds of BARI Mashur 4. The distilled water was As free as well as 0.02 275 mgL -1 concentrated arsenic were present in irrigation water. The ranges of pH found 6 
Biomass and arsenic accumulation in root, shoot and pod of lentil genotypes 288
Shoot length, fresh weight and dry weight of root and shoot of lentil varieties 289
The highest average shoot length of BARI Mashur 2, BARI Mashur 2 &3, and BARI 290 Mashur 3 were found 12.5, 11.4, and 9.8 (cm) in T 1 , T 2 and T 3 treated lentil seedlings at week 291 3. T 3 treated shoot length of BARI Mashur 6 lentil were found significantly lower (p< 0.001) 292 than other lentil seedlings ( Figure 2 ). The fresh weight (0.182-0.20 g) was not significantly 293 increased (p< 0.001) in T 3 treated Lentil seedlings. The lowest fresh weight 0.189g was found 294 in T 3 treated BARI Mashur 5 lentil seedlings at week 3 ( Figure 3 ). In week 9, the ranges of 295 dry weight of root and shoot was found 0.4384 to 0.9064 (g) in As treated lentil seedlings.
296
The highest dry weight of root and shoot were 0.8612 (g) found in BARI Mashur 1 in T 2 297 treated seedlings. The lowest was 0.4154 (g) in BARI Mashur 4 of T 2 treated seedlings. 298 Similarly, the ranges of dry weight of root and shoot were 0.112 to 0.234 (g) in T 3 treated 299 seedlings. Dry weight of root and shoot were recorded comparatively lower in T 3 treated 300 lentil seedling than T 1 and T 2 . Dry weight of root in T 3 treated BARI Mashur 5 lentil 301 genotypes were found significantly different. As well, Dry weight of shoot in BARI Mashur 7 302 were found significantly higher than BARI Mashur 1, 2, 4, 5 and 6 lentil genotypes at week 9 303 (Figures 4, and 5).
304
Arsenic uptake in root and shoot of lentil varieties 305 According to ANOVA, treatments on arsenic accumulation in root and shoot were 306 found statistically significant (p< 0.001). Varieties, and interaction of varieties and treatments 307 both were significantly different on As uptake in lentil roots (p< 0.001) ( Table 2) . Mean 308 comparison of treatment 1 & 2 (0.001≤p<0.01), 1 & 3(p< 0.001), and 2 &3 (p< 0.001) for
309
As accumulation in roots were found significantly difference. As well, the mean comparison 310 of treatment 1 & 3 and treatment 2 & 3 both were found significantly identical (p< 0.001) on 311 As accumulation in lentil shoot ( (0.01≤p<0.05) were found statistically significant on As accumulation in their roots (Table   316 3). The mean comparison of the interaction between treatments (3) and lentil varieties (7) on 317 As accumulation in root were found statistically significant (p< 0.001, 0.001≤p<0.01, 318 0.01≤p< 0.05) difference (Table 4) .
319
Arsenic accumulation in pod of lentil varieties during field condition 320 The collected of BARI released seven lentil varieties were cultivated in 5 mg/kg As 321 concentrated field soils. Among these varieties, BARI Mashur 1 was the highest arsenic (0.45 322 mgkg -1 ) accumulator and the lowest As (0.029 mgkg -1 ) accumulator was BARI Mashur 7 in 
Biomass of lentil genotypes at non-AMF and AMF applied soils 334
In Non-AMF soils, shoot length of BARI Mashur 1 and BARI Mashur 5 were 6.8 and 335 6.2 cm in T 1 treated lentil seedlings. Shoot, length was 5.8, and 3.8 cm were in BARI Mashur 336 1, and BARI Mashur 5 at T 2 treated seedlings. AMF treated shoot length at 8 mgkg -1 and 45 337 mgkg -1 arsenic concentrated both soils were found significantly higher than non AMF soils 338 during week 4 (Figure 7 ). Fresh and dry weight of shoot both were found significantly lower 339 in non-AMF treated 45 mgkg -1 arsenic concentrated soils at week 5 (Figure 8 and 9 ). As well 340 as, AMF has significant effect for the increasing of dry and fresh weight of roots in lentil 341 genotypes ( Figure 10 and 11) . root and shoot of both lentil crops were found statistically significant (p<0.001) (Table 11) .
367
According to the interaction between variety and soils, means comparison of the interaction 368 effect of BARI Mashur 5& AMF and BARI Mashur 5 & non-AMF soils on the reduction of 369 As uptake in lentil shoot in this pot experiment were found to be statistically significant 370 p<0.001) (Table 11) . Also, interaction effect between treatment, variety and soil, on the 371 reduction of As uptake in shoot of lentil crops were found statistically significant difference 372 (p<0.001; 0.001≤p<0.01) (Table 12) . water irrigation in their crop fields. We found about 15 mg/kg concentrated of arsenic in 382 background soils of these regions, this concentration is definitely dangerous for the 383 development of root, shoot and grains for many cereal crops as well as lentil plants (Table 1) . 384 Similarly, As contamination in food crops is also highly visible in other region of Bangladesh 385 including west India (Ullah, 1998; Alam and Sattar, 2000) .
386
Lentil is one of the important leguminous food crops as well as rice and other minor ). We found phosphorus concentration (9-57 mgkg -1 ) in soil samples for pot experiment, 395 which increased the As accumulation in lentil root, shoot and pods (Table 1) . 396 Arsenic accumulation in lentil genotypes has significantly affected on its biomass.
397
Different vegetative responses of lentil plants such as root length, shoot height, root and shoot 398 biomass had studied in this experiment (Figure 3 and 4) . Kapustka et al. (1995) reports the 399 sensitivity of vegetative response follows the order: root length>root mass>shoot length>total 400 mass (root + shoot)>shoot mass>germination. However, we found As sensitivity was higher 401 on lentil's roots, shoots, and pods, accordingly. Shoot, height, fresh weight, dry weight of 402 root and shoots, plant biomass (root + shoot + pod) and root length were significantly 403 affected with increasing of As concentration in soils. For instance, total biomass of lentil 404 crops was found to be in more jeopardy in 100 mgkg -1 As concentrated soils than other 405 treated pots (5 mgkg -1 As; 15 mg kg -1 As) of lentil seedlings (Figures 3, 4 , and 5).
406
BARI released all lentil are promising varieties in Bangladesh as well as throughout 407 the world. Not yet conducted of an experiment against As uptake from soil to root, shoot and 408 grain in lentil of Bangladesh. In fact, Bangladesh is the second largest As contaminated 409 region throughout the world. In addition, lentil is the number one pulse crops as a source of However, all lentil varieties were performed with significant differences for the accumulation 414 of As in their roots in 5, 15 and 100 mgkg -1 concentrated soils due to the less genotypic 415 variation. Nevertheless, As accumulation is not significantly increased in shoots and pods of 416 lentil plants. We found all lentil varieties were grown in good condition during seedling stage 417 in 5 and 15 mgkg -1 arsenic concentrated soils compare to the 100mgkg -1 concentrated soils 418 (Figures 3, 4, and 5 ).
419
This is good news that not significant concentration of As has transported from soils 420 to lentil pods (Table 5 ). In fact, BARI Mashur 1 genotypes were identified higher As 421 accumulator (0.45 mgkg -1 ) in pods than other genotypes ( Figure 6) . Similarly, irrespective of 422 As dose, roots contained higher concentration of As than shoots and pods. Higher As 423 concentration in roots reported by Marin et al. (1992 Marin et al. ( , 1993 , Xie and Huang (1998) In these circumstances, low As accumulator lentil genotypes are important for human 441 beings. For this mitigation of arsenic, AMF can reduce the As uptake in root, shoot and pods 442 of lentil crops (Orlowska et al., 2012) . This AMF colonized with lentil roots, which is 443 deterred As uptake and As toxicity through the symbiosis relationship between each other. It 444 is consistently enhanced the reduction of As toxicity, and plants generally show increases in 445 growth compared with Non-AMF controls grown at the same As and P supplies in soil 446 (Ahmed et al., 2006; Covey et al., 1981; Pope et al., 2007; Ultra et al., 2007b; Xia et al., 447 2007). We found BARI Mashur 1 and BARI Mashur 5 both lentil genotypes performed better 448 for their growth of root and shoots in 8 mgkg -1 and 45 mgkg -1 arsenic concentrated AMF 449 applied soils than non-AMF. We also found shoot length, dry weight of shoot and root, fresh 450 weight of root and shoot of lentil were higher in AMF treated soil than non-AMF applied 451 soils. Root and shoot, growth was satisfactory of both varieties of lentil in mutually treated of 452 AMF applied soils (Figure 7-11 ).
453
Arsenic has increased significantly in root and shoot of BARI Mashur 1 and BARI 454 Mashur 5 of lentil genotypes. There is also evidence AMF can reduce As uptake in root and 455 shoot in both lentil genotypes (Table 7 and 8). Research also showed that AMF have their 456 substantial effect on plant growth. The growth parameters decreased significantly with the 457 increase rate of As concentration in soils. It emphasized that AMF inoculation reduced As 458 translocation from soil to plant and increase growth and nutrient uptake and chlorophyll 459 content of food crops significantly (Elahi et al., 2010) . Similarly, there is growing evidence 
and varieties mean differences
Comparison (Treatment: Variety -Treatment: Variety) Arsenic in root 3:1-1:1 24.7691*** 3:2-1:1 18.8576*** 3:3-1:1 35.60782*** 3:4-1:1 30.74864*** 3:5-1:1 36.92746*** 3:6-1:1 32.77742*** 3:7-1:1 29.89708*** 3:1-2:1 22.88976*** 3:2-2:1 16.97826*** 3:3-2:1 33.72848*** 3:4-2:1
28.8693*** 3:5-2:1 35.04812*** 3:6-2:1 30.89808*** 3:7-2:1
28.01774*** 1:2-3:1 -24.7777*** 2:2-3:1 -22.1289*** 1:3-3:1 -24.9863*** 2:3-3:1 -22.3117*** 
